JEuropaisches Patentamt 
European Patent Office 
Office europ6en des brevete 



@ PUbBeation number 



0216412 

B1 



EUROPEAN PATENT SPECIFICATION 



® 

@ Date of publication or the patent spedfleation: 
02.0&S0 

@ Application number: 8620146M 
@ Date of flUng: 26.08^ 



@ im. a -C08K 5/00. C08L 23/02 
// (C08K5/00. 5:07, 5:39) 



@ Photodegradant compositions and photdegradable polymer comporttlonam^ 



& Priority: 28.08J5 GB8S21382 
14.10M NL850279a 



Date of publication of application: 
01MS7BuHetin87/14 



Publication of the grant of the patent: 
02J»MBuiletln 90/18 



Designated Contracting States: 
AT BE OH DE FR GB IT U LU NL SE 



@ References dted: 
UM-34M510 
US-A.38S6747 
II&A.4121025 



Proprietor: AKZO Velpenweg 76, NL-6824 BM 
Amhem(NL) 



Inventor Cooray, Bulathsinhalage Boyd, 11, 
Road, Bamford Rochdale(QB) 



@ Representative: Sleders, Ren* et al, AKZO N.V. Patent 
Department (Dept CO) P.O. Box WOO, NL-6800 SB 
ArnhemCNL) 



O Note: Within nine months fiom the puWIcatton the mention of the V«!^^^^^^Cai^bim^ 
the Eurooean Patent Office of oppoattion to the European patent gramedJtotica of W»tlon ajMji J*j''™"« 
S«em25!n SSl wrt t>e deJSed to have bean filed until the oppodtlon lee has been paid (Ait 99(1) Europes 

ui 



statement it 
convention). 



European patent 



ACrORUM AO 



EP 0 216 412 B1 



Description 

This invention relates to pliotodegradant compositions comprising a photodegradant compound and a 
photostablllzer compound. This invention also relates to photodegradable polyrner composHions oomprls- 
5 Ing a polymer and a photodegradant composition. 

Such compositions are ioiown from GB 1 586 344. That patent addresses the problem of manufactur- 
ing photodegradable polymer compositions. 

In the manufacture of polymeric materials such as polyolefins, manufacturers have typically attempt- 
ed to improve tiie light stability of their products so that they may be used In outdoor application without 
10 premature faQure. However, for some applications, Improved light stability Is not desired. In fact, in 
some instances ft is desired to have the polymer photodegrade faster than if no additives were present 

One such example In agrfculiturB is the use of polyethylene sheets to prevent weed growtfi and water 
evaporation between rows of plants, tf the polymer is light-stable, it will be necessary to manually re- 
move the sheets prior to plowing. But, if the polymer becomes brittle due to the action of sunlight 
15 (principally the ultra-violet lighQ, the sheets may be plowed into the soil where tfiey will be blodegraded. 

Another example is packaging materials. Most packaging materials are used for a very short period 
of time, after which they are discarded, causing litter or other disposal/environmental prot^ems. Un- 
treated polymers may remain in the environmerrt for very long periods of time (pertiaps hundreds of 
years) tf their ultra-violet exposure is brief and they are then buried. However, if they are treated with a 
20 photodegradant, the embrittiement time wQl be reduiced, for example, from 3 to 5 years for untreated plas- 
tics, to only several months for plastics containing photo degradants. Thus, such a treated plastic will, 
after a relatively brief ultra^Iet exposure, become photodegraded 1o tiie point that it may be blode- 
graded. 

GB 1 586 344 is directed ^^edfically at fonnulatlng a photodegradable polymer composition which has 
25 a controllable and predictable uitra-violet Ufa, followed by rapki photodegradation. The solution present- 
ed this patent is to blend carefully controlled ratios of a photodegradant complex of an organic ligand 
YiJl&\ Iron, manganese, or cerium, with a photostabilizer complex of the same or different ligand with nick- 
el, cobadt. or copper. Ih&so blends are then incorporated into the polymer to achieve the desired photo- 
stable lifetime. While this system appears to be operable, it suffers from several disadvantages Indud- 
30 ing undesirable color, conroslon of processing equipment, polymer degradation, lack of jpOlymer oompat- 
abinty, and loss of polymer mechanical properties. 

The present invention does not have these disadvantages, and Is characterized In that the photode- 
gradant compound Is a complex of copper and a ketone having an a-hydrogen available such that the ke- 
tone may fomn a keto-enol tautomer and tiie photostabilizer compound is a complex of zinc and an 
35 aD^ldithlo add; the photodegradant and photostabilizer compounds b^ng present In a ratio of 5:95 to 
^:5. 

The present invention is advantageous In tiiat polymer compositions containing the photodegradant 
compositions, among other things, do not have undesirable cotor, have excellent photodegradation prop- 
erties, and are process stable. 
40 Considering more generally ^e state of tiie art, several other patents are relevant 

US 3 454 510 discloses the general concept of incorporating photodegradants Into opaque polymer 
fOms for agricuitumi use. This patent mentions that useful pro-oxidants Include tiie acetylacetonates of 
manganese, cobalt, chnomium, copper, and vanadium. No mention is made of adding photostablllzers. 

US 4 048 410 addresses the problem of photodegradant induced processing instability by incorporat- 
45 ing into the polymer, not the photodegradant itself, but ratiier Incorporating precursors (l<'9^cte) of the 
l^otodegradant with the expection that tiie precursor will react witii a suitable metal (no me^s are sped- 
fied, but iron Is implied by a reference to rusty metal) in the enviroiiment to form the disired degradanL 
However, for this fi^proach to be successful outside the laboratory requires thai a suitabie source of 
metel ions be made available in contact with the artide to be degraded. 
50 GB 1 356 107 (referred to In the aforementioned GB 1 586 344) disdoses a number of photodegradant 
complexes, eitiier or both of the complex or the complexing agent being an antioxidant This patent disdos- 
es a mixture of zinc dibutylthiocarbamate and iron dibutyltiiiocarbamate. The oonBsponcfing US Patent 
(US 4 121 025) disdoses a mixture of zinc dibutyldithiocart)amate and copper stearate. 

One component of the invention is a photogradant compound. By tiie term "photodegradant compound" 
55 Is meant a compound which, when blended with a polymer, will cause the polymer to degrade, upon expo- 
sure to light faster than if the compound were not present The photodegradant compound should be 
compatible with the otiier components. By tiie term "compatible" Is meant tiiat the compound may be blend- 
ed with the other components witiiout slgnlfk^ separation or destructive reaction of tiie components. 
WhOe this does not require tiiat tiie components be .soluble In one another, they should at least be capa- 
60 ble of forming a uniform, finely dispersed mixture. 

Spedfkaily, tiie photodegradant compound Is a complex of copper and a ketone haw'ng an ce-hydro- 
gen available such ttiat ketone can fonn a keto-enol tautomer. 

Desirably, the ketone has more tiian one caibonyl group, more desirably two cariE)onyl groups (a dike- 
tone). Suitable ketones having more than one carbonyi group Irolude those handng the stmctures 
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B3C 

and 



Prnferred dBwtones have Hie stnicbire 



0 B 0 
R-C-C-C-R 

1 

wherein eac^ R is selected Independently from a Ci to C« or - for R-H - from a Ci to C22 organic 
group, de^reibly a Ci to Ci2 alkyl or aralkyi group. Preferably each R is a Ct to Ce. stm more preferably 
a Ci to Ca, stUI more preferably a Ci to C2, and most preferably a Ci, alliyl group. R' Is desirably hydro- 
gen or a Ci to Cis or^tfiic groupi preferably hydrogea Of course, the organic portion of the ketone may 
contain a variety of substttutions, and mixtures of ketones may be used. The most prefenred photode- 
gradant compound is copper 2>4-pOTtanedioe (» copper acetylacetonate). 

A second component of the invention is a photostablUzer compound. By the torm "photostabfllzer com- 
pound" is meant a compound whteh wiD cause a polymer to wHch it is added to degrade, upon exposure to 
light, less than V the compound were not present The photostabllizer compound shouM be "con^satible 
which the other components^ as defined above. ^ ^ ^ .^u... 

Specifically, phOtost^Ullzer compound Is a corhpiex of zinc and a dfthio add By ti^e term 'Whio ao- 
kr Is meant an organic compound hawing a dithto acW group of carbon, phosphorous, or nitrogen 
(preferably carbon or ph^orous]. Suitable dIMo adds indude those having the stnidure 




wherefriR is a Ci to C22 organic group. ^ ^ ^ „ u 

Desirable dHhio adds are diaikyldithlocaibamie adds, dlalkyldtthlophosphoric adds, and alkylxanthic 
ackis, with diall^kilthlocarbamlc adds being greatly prefen-ed. In the alkylcfithk) adds each alkyl group 
is desirably a Ci to C22, more desirably a Ci to Cs. preferably a Ci to Cs. more preferably a Ci to C2, 
and most prefmbly a Ci, group. The most preferred photostabllizer compound Is zinc dmethyldl- 
thlocait>amic add. 

The ^otodegradant compound and photostabllizer compound are present In a ratto such that when 
blended with a polymer, the polymer exhibits a synergistic photodegradation effect and a synergistic 
process stability effect By the plurafie "isynetglsOc photodegradation effecT is meant that the polymer 
is more photodegradabte than would be expe^ from an averaging of the effects of the presencce of 
the photodegradatton and photostabllizer compounds alone. By the phrase "synergistic process stability 
effecT is meant that the polymer Is more process stable than would be expected from an averaging of 
the effects of the presence of the photodegredation and photostabllizer compounds alone. WhOe the 
predse ratios to be used may vary with fectors such as the molecular weight of the compounds, general- 
ly the two compounds are present In a ratio of 955, to 5:95, desirably 90:10 to 10:90, preferably 70:30 to 
30:70, more preferably 60:40 to 40:60. most preferably about 5050. 

The practice of the invention contemplates that the photostabllizer and photodegradant compounds 
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wHI be added to a polymer, preferabty a polyolefin. By "polyolefin" is meant a poiymer of one or more eth- 
yienlcally unsaturated organic compounds, desirably principally (e.g.: at least 50 mole %) o-olefins (1- 
alkenes). Preferably polymer is polyethylene, polypropylene, or poly(l-butene); more prefer^Iy poly- 
ettiylene or potyftfopylene; still more preferably polyethylene, and most preferably low density poly- 

5 ethylene. The polymer Is preferably free of groups such as halogens, which could interfere with the ac- 
tion of the photodegradant composition. 

The photosts^ilizer and photodegradant may be combined and added to the poiymer, or may be sepa- 
rately a(fded, the fbnner being prefened The compounds may be blended with the polymer using conven- 
tional means sudi as are well known in the art 

10 The photodegradant composition (Le.: tiie photodegradant compound and the photostablOzer com- 
pound) Is present In the polymer In an amount such that the polymer exhibits a synergistic photodegrada- 
tion effect and a synergistic process stability effect, as those temns have been hereinbefore defined. 
Altiiough the predse quantity to be used may vary witii such factors as the molecular weight of tt)e com- 
pounds and the nature of tiie polymer, in general, the photodegradant composition will be present at 0.001 

15 to 1 , more desirably 0.01 to 0.1 weight percent, based on tiie weight of ttie polymer. 

The polymer may also contain other additives such as fillers, lubricants, dyes, p^^its, anti-etatic 
agents, eta 

The polymers may be used for a wide variety of apF^ications where a photodegradant is desired, in- 
dudlng agricultural ground covers and industrial and consumer packaging. The Invention is particularty 

20 suHed for use In consumer paduiging. This well-known applteation demands a polymer that ^0 be of high 
quality during the period ol use (lb, one tiiat was not degraded during manufacturing), but whk:h wHI be 
readHy photodegradabie. For Instance, tiie polymers of the Invention may be used to produce dear 
sheets for display packages of consumer artides. In contrast, tiie polymers of GB 1 356 107 and Q6 1 
586 344 wouki not be suitable for sudi a use because of their cdor. 

25 The pdymer may be made In a variety of forms such as fibers, sheets (preferably less tiian 2 mm 
fiiick), and shaped artides such as botties and otiier containers. 
The invention is furtiier illustrated by tiie foik>wing examples. 
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Example 1 



Zinc dimetiiyiditiilocarbamate was prepared by the room temperature addition and stirring of two gram 
moles of aqueous sodium dimethykiltiiiocaribamate to an aqueous solution of a gram mole of zinc sulphate 
heptahydrate, causing tiie predpikation of a white solid which was filtered and washed wttii warm water 
(60«»C). 

35 The white solid was recrystalBsed from n-heptane to yield fine powder In 95-97% yield. Qemental anal- 
ysis, IR, and NMR spectroscopy data were in good agreement whh literature values for zinc dmetiiyl- 
dithlocart>amale. 

Copper acetylacetonale was prepared by the room temperature interaction of aqueous copper sul- 
phate heptahydrate (19 mole) witii acetyl acetone (29 moles) under rigorous stirring in the presence of so- 
40 dium acetate trihydrate. A grey sdki was predpitated in 98% crude yield The solid was filtered, v\^hed 
witti water and vacuum dried at SOK) to a constant dry weight Elemental analysis, IB, and NMR spec- 
troscopy data were In good agreement viritii literature values for copper acetylacetonate. 

Low-density poiyett^lene (ICI, Alkatiiene 017/040) vi^ compound witti additives shown in Table I by 
mbdng the composition on a two-rdi mill at 120^C for 5 minutes witii frequent cross-blending. The homoge- 
45 neous polymer composition was tiien compression molded to yield polymer films in tiie tiiickness range 1 0- 
125 (im. 

The poiymer films of a selected tiilckness and composition were mounted on a sheet of stiff white pa- 
per and placed In suitable sample holders for placement In a Xenotest accelerated UV exposure cabinet 
and tiie exposure time to cause polymer embrittlement was monitored by attenuated total reflection IR 
50 spectroscopy and by crack devebpment, growtfv and propagation. A Finear co-relation between these 
observations and tiie time taken to cause embrittiement by flexing tiie polymer film was obtained tiirough 
a series of separate experiments. 

Table I, Illustrates the relationship between polymer composition and UV embrittiement time for a fllm 
ttitekness of 25 pm. Similar trends were obsen^ at both higher and lower film thicknesses. 

55 
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Saiqple 


Additive 


(1) 


Additive Concentration 


Enbrittlenent 






(weight percent) 


tine (hours) 


1* 


none 




- 


2300 


2* 


ZDC 




0.05 


> 3000 


3* 


CAA 




0.05 


800 


4 


ZDC 90% 


CAA 10% 


0.05 


1200 


5 


ZDC 60% 


CAA 20% 


0.05 


950 


6 


ZDC 70% 


CAA 30% 


0.05 


920 


7 


ZDC 60% 


CAA 40% 


0.05 


940 


8 


SOC 50% 


CAA 50% 


0.05 


940 


9 


SDC 40% 


CAA 60% 


0.05 


940 


10 


ZDC 20% 


CAA80% 


0.05 


820 


11 


ZDC 10% 


CAA 90% 


0.05 


805 


12 


ZDC 80% 


CAA 20% 


0.1 


950 


13 


ZDC 60% 


CAA 40% 


0.1 


940 


14 


ZDC 20% 


CAA 80% 


0.1 


830 
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* Rot an example of the invention 
(1) 2DC e sine^dimethyldithiocarbaoiate 
35 CKk s eopper*2f4*pentaaione 



These results show thai a synergistic effect is achieved In the practice of the invention. Spedflwily, 
the data show that cortKnatlons of ZDC and CAA yield an embrlttlement time almost as low as when CAA 
^ is used alone. This is the case even when the ZDC to CAA ratio Is 9:1 • The embrlttiement time Is less than 
would be expected from an avera^ng of the effect of the presence of ZDC and CAA alone. 



45 



Examp&e2 

The polymer compositions compounded on the two-roll mill at 120°C In Example 1. were used to deter- 
mine the Melt Row Index of the polymer under standard conditions at 1 WO. 
The results are reported in Table IL 
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TABU 11 





Additiv* (1) 


Mvlt Vlon 2fld«t <2) 




I* 


ttem 


7.00 


t 


2* 


zoc 


7.30 




3* 


CAk 


8.82 




4 


ZDC 80X/CAA 20X 


7.40 


7.60 


5 


ZDC 4aS/CAA 60X 


7.36 


8.21 



10 



15 



20 



25 
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* Hot an example of the Invention 

(1) total concentration, 0«1 percent 

(2) g/10 nln at 190*C« Higher values nean more polTiner degrada- 
tion. 

(3) weighted average of separate values. 

These results show a second synergistic effect of the Invention. In this example, the data show that a 
combination of ZDC and CAA provide processing stability which is veiy dose to that obtained using 
ZDC alone. This would not be expected from an averaging of the effects of the presence of ZDC and 
CAA alone. 

Comparative Example 

The procedure of Example 2 was repeated, using zinc and iron dibutyidlthiocarbamate, as suggested 
by QB 1356 107. The results are shown In Table ll-C 



TABLE II-c 
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5ngpl« 


Additive 


Itolt Flew lades 


Expected Value 


B-2* 


29BIC 


7.38 . 




5-3* 


FeSBTC 


9.8 




5-4* 


ZDBTC 80Z/FaDBIC 20% . 


8.4 


7.9 


>S* 


ZKBTC AOl/FeSBIC 60% 


8.8 


8.8 



* Dot an exasiple of the invention 

In contrast to Exan^e 2» tfiese data show that a combination of ZDBTC and FeDBTC have a process- 
ing degradation value equal to or worse than expected from averaging the effects of the presence of 
each alone. 

Giaims 

1. A photodegradant composition comprising a photodegradant compound and a photostabifizer com- 
pound wherein 
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a the photodegradant compound comprises a complex of (0 copper, and (ii) a ketone having more than 
one carbonyl group and an o-hydrogen available such that the ketone may form a keto-evol tautomer; 

b, the photostabUizer compound comprises a complex of (i) zinc, and (fi) an alkyidithio add; and 

c. the photodegradant compound and the photostabDIzer compound are present in relalive weight pro- 
portion of 5:95 to 95:5. 

2. A composition according to claim 1 wherein the ketone Is a diketone. 

3. A composWon according to dafrn 2 wherein the diketone has the stnicture 

OHO 

r-c-c-Lr 

wherein each R Is selected independently from a Ci to Ca or - for l?«H - from a Ci to C22 organks group 
and R' is selected from hydrogen and a Ci to Cib organic group. 

4. A composition according to daim 3 wherein the diketone has the structure 

0 0 

1 I 

R.C-CH2-C-R 

wherein eadi R is selected Independently from a Oi to C22 organic group. ^ . ^ . 

5. A composition according to dalm 3 wherein each R is selected Independently from a Ci to Ce a!!^ 
group. 

6. A composition according to daim 5 wherein the photodegradant Is copper acetylacetonate. 

7. A composition according to any one of the preceding daims wherein component (ii) of the photosta- 
bilizerlsadiaikyIdlthlocart>amicacid , j. 

8. A composition according to claim 7 wherein the photostabillzer is zinc dimethyldlthlocarbanaie. 

9. A photodegradabie pofymer composition comprising a polymer and from 0.001 to t weight percent of 
a photodegradant composition according to any one of the preceding daims. , 

10. A photodegradabie polymer composition according to claim 9 wherein the polymer is seiedeo trom 
the group consisting of polyethylene, polypropylene and pcrfy(1 -butene). 

PatentansprOche 

1. Photodegradationsmittel enthaltend elne Photodegradationsverbindung und eine Photostabilisalor- 

^^tefdiePhoto^^ einen Komplex aus (i) Kupfer und (Ii) einem Keton, w^es mehr 

als eine Carbonylgnjppe und eln zur Bildung eines Keto-End-Tautomeren dee Ketons verfOgbares a- 
Wasserstoffatom besitzl, enthait, j^^w « ^^^ai»...«4 

Cb) die Photostabinsatorverbindung einen Komplex aus (0 Znk und (ii) einer AlkyWithosaure en»ari una 
(c) die Photodegradationsverbindung und die Photostablllsatorverbindung In einem relatlven C3e- 
v^chtsveriiiitnis von 5:95 bis 955 vorhanden sind. 

2. Mittel nach Anspmch 1 , In welchem das Keton eln DIketon ist 

3. Mittel nach Anspruch 2, in wetehem das DIketon de Struktur 

OHO 

N I ft 

R-C-C-C-R 
• 

hat in der ledes R unabhfingig gewSUitt ist aus organisdien Ci bis Ca-GruRJan Oder fOr R'-H 05a- 
nlschen Ci bis Caa^ruppen. und In der R' gewShlt ist aus WasserstoJf und organlschen Ci bis Co- 



Gruppen. ^ ^ ,^ 

60 4. Mittel nach Anspruch 3, In welchem das Diketon die Stiuldur 

O O 

R-C-CH, -C-R 
6S ^ 
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hat. In der Jedes R unabhdngig gewahtt ist aus organlschen Ci bis Caa-Qruppen. 

5. Mittel nach Anspruch 3. in welchem Jedes R unabh§ngig aus Ci bis Ce-AHcyigmppen gewSihlt Ist. 

6. Mittel nac^ Anspmch 5, in welchem die Photodegradatlonsvert)lndung Kupferacetytacetonat Ist 

7. Mittel nach einem der vorangehenden AnsprOche, In weichem die Komponente 0D der Photostabili- 
5 saton^erfoindung Dialkyidithiocarbamlns&jre Ist 

8. Mittel nach Anspruch 7, In welchem die Photostabilisatoiverbindung Zinlcdimethyldithiocarbamat ist 

9. Photodegradierbare Masse enthaltend ein Polymer und von 0»001 bis 1 Qew.% eines Photodegrada- 
lionsn^eis nach einem der vorangehenden AnsprOche. 

10. Photodegradierbare Polymermasse nach Anspruch 9, In welcher das Polymer gewShIt ist aus der 
10 Gruppe beslshend aus Polyethyien, Polypropylen und Poly(l-buten). 

RevendlcaUons 

1 . Une composition photosensibf Jlsante oomprenant un compost photostabillsam et un composd pho- 
15 tostabilisant caract6rls6e en ce que: 

& le compost photosensibilisant comprend un comptexe ^ du cuivre et (0) d'une cdtone ayant i^us d*un 
groupe carbonyle et un atome d*hydrogdne en a disponible pour que la c^tone puisse fdnner un tauto- 
m^re c§to-6noi; 

b. le compost photostabilisant comprend un complexe (i) du zinc et (ii) d*un aBcyidithio-adde; et 
20 . a le compose photosensibilisant et le composd photostabilisant sont prisents selon un rapport pond6- 
ral relattf de 5:95 k 95:5. 

2. Une composition suivant la revendication 1 . caract^risde en ce que la c^one est une dicdtone. 
a Une composMon suivant la revendication 2. caractSris^e en ce que la dicdtone a la structure: 

25 OHO 

il I il 

R-C-C-C-P 
I 
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dans laquelle chaque R est choisi ind^pendamment parmi des groupes organiques en Cms ou. pour 
R^H, parmi des groupes organiques en Ct-22. et R' est choisi parmI un atome d'hydrogdne ou un groupe 
organique en Ci-i8. 

4. Une composition suivant la revendlcafion 3, caractSriste en ce c^e la diodtone a la etmcture 

O O 

40 II il 

R-C-CHa-C-R 

dans laquelle chaque R est choisi inddpendamment pamni des groupes organiques en Ct-22. 
45 5. Une composition suivant la revendication 3, caract^ris^e en ce que chaque R est choisi ind^pen- 
damment parmi des groupes aD^es en Ci-e. 

6. Une composition suivant la revendication 5, caractdrisie en ce que le photosendbHisant est I'ac^ 
tylac6tonate de culvre. 

7. Une composition suivant I'une quelconque des revendications prdc^entes, caractdriste en ce que 
50 le composant (II) du photostabilisant est un acide dIall<ylditiniocarbamique. 

8. Une composition suivant la revendication 7, caract6ris6e en ce que le photostabilisant est le dimd- 
tfiyltfitiiiocartjsmate de 2nci 

9. Une compo^n photoddgradable de polym&re, caract^fiste en ce qu'elle comprend un polymdre et 
de 0,001 1% en poids d^ composition photos^nsibOisante suivant rune quelconque des revendica- 

55 lions pr6oddentes. 

10. Une composition photod§gradable de polym^re suivant la revendication 9, caractMsSe en ce que 
le polymftfa est choisi dans le groupe comprenant un polyMiyl&ne. un poiypropyline et un poly(1-but&ne). 
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